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FLUOROCARBON EMULSIONS 



TECHNICAL FIELD OF THE INVENTION 

This invention relates to drug delivery and, 
in particular, to compositions and methods for reducing 
toxicity, increasing the targeting, or selectivity 
5 toward certain organs, and increasing the deposition 

and retention of the desired drug in these target 
organs, thereby increasing the efficacy of drugs. 
Aqueous fluorocarbon emulsions containing an emulsified 
oil have been found to be surprisingly effective and 
10 safe delivery agents for drugs used in the diagnosis, 

cxire, mitigation, prevention, or treatment of disease. 

BACKGROUND OF THE INVENTION 

Drug delivery agents are needed to facilitate 
safe and effective use of drugs in humans and animals. 
15 For example, amphotericin B is a useful drug in the 

treatment of systemic fungal infection- However, its 
toxicity is relatively high, and effective use of the 
drug is often inhibited by the fact that it can exhibit 
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toxicity to maiamalian systems. In particular, at high 
doses, nephrotoxicity with concomitant renal potassium 
and magnesium wasting is observed, K. M. Wasan^ et al., 
Journal of Infectious Diseases, 161:562(1990) and 
5 references cited therein; R. Sabra, Drug Safety, 5(2), 

94 (1990) . In attempts to reduce this toxicity, a 
considerable effort has been expended in developing 
liposomal formulations of the drug in order to reduce 
toxicity while retaining efficacy. One of these 

10 formulations, AmBisome, is now undergoing clinical 

trials, O. Ringden, et al., Journal of Antijoicrobial 
Chemotherapy^ 28-B, 73 [1991]; Meunier, et al.. 

Journal of Antimicrobial Chemotherapy, 28-B, 83(1991). 
Presumably, the phosphatidylcholine based vesicles 

15 provide a harbor for the slow release of the drug, 

thereby attenuating its acute toxicity, while at the 

same time allowing it to be stored in target organs 
such as the liver and the spleen. 

The above background with respect to 

20 amphotericin B is but an example of enormous research 

and development efforts to provide safe and effective 
methods for delivering drugs intended for use in 
diagnosis, cure, mitigation, treatment or prevention of 
disease in man or animals. 

25 SUMMARY OF THE INVENTION 

This invention is directed to drug delivery 
compositions that employ aqueous f luorochemical 
emulsions as deliv^iry agents. The emulsions contain 
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emulsified particles of a f luorochemical ("PFC") and an 
oil in water, a surfactant and a drug solubilized in 
the emulsion (hereinafter sometimes "PFC/oil 

emulsions") . 

Surprisingly, these PFC/oil emulsions have 
the ability to serve as effective and safe delivery 
agents for very large amounts of drugs such as 
amphotericin B. More particularly, the toxicity of 
amphotericin B in rats has been ameliorated by at least 
tenfold. Rats purposely infused with Candida albicans , 
followed by PFC/oil emulsions containing amphotericin 
B, show a marked reduction in the number of Candida 
spores found in the liver at necropsy. Other drugs 
such as cyclosporine, carmustine and the gadolinium 
salt of distearyl ester of diethylenetriamine 

penta a c e tic acid may b e— used^ 

The drug delivery PFC/oil emulsions 
preferably comprise an emulsified liquid PFC and a 
liquid fatty oil such as a triglyceride, a surfactant, 
water and a drug solubilized in the emulsion. The term 
"solubilized" as used herein means the drug may be 
effectively suspended or dissolved in the stabilized 
emulsion for delivery to an animal or human. 

This invention also includes methods of 
making these emulsions containing drugs and methods of 
using them as drug delivery agents. Other objectives 
of this invention and advantages will become apparent 
from the following detailed description. 
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DETAILED DESCRIPTION OF THE INVENTION 

The drug delivery emulsions of this invention 
comprise an oil and a f luorochemical (PFC) eiaulsified 
in water by a surfactant, and contain a solubilized 
5 drug. In general, the oil may be contained in amounts 

of from about 1 to 30% by weight with about 1 to 70% by 
volume PFC. More specifically, for instance, in 
medical applications for intravenous (IV) drug 
delivery, the preferred amount of PFC is the minimum 

10 effective amount, along with the minimum surfactant and 

oil, to effectively suspend the desired drug in a 
stable emulsion. For other uses, such as oil creams^ 
emollients, or products designed for intramuscular, 
subcutaneous, or intraperitoneal injection, far greater 

15 amounts may be desirable. For IV use, about 60% v/v 

(11 5 w/v%) of PFC i s a pr a ntin a l l imit for thP. oil and 

PFC because of viscosity limitations for an intravenous 
product. Higher amounts may be employed for other 
applications. The surfactant may be contained in 

20 amounts from about 0.5 to about 10% by weight, usually 

about 1-2% by weight of the emulsion. . Generally, the 
drug may be solubilized in varying amounts up to about 
30%, by weight, depending upon dose, efficacy and 
safety requirements. The amount of any particular drug 

25 may be optimized for both the preparation of the 

emulsion and the concentration desired for 
administration. Thus, an emulsion may preferably 
contain a more limited amount of drug up to about 5% by 
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weight • For instance, a drug such as cyclosporine may 
be used up to about 1 or 2%, whereas an MRI imaging 
agent such as a gadoliniuxa salt of distearyl ester of 
diethylenetriamine pentaacetic acid may be used as high 
5 as about 30% or more* If desired, the emulsions may be 

diluted with isotonic saline, or other agents, to 
produce lower concentrations of the drug. These 
components are identified with greater particularity as 
follows. 

10 A. Oil 

The term "oil" is used herein in a general 
sense to identify a large class of physiologically 
acceptable substances whether of mineral, vegetable, 
animal, essential or synthetic origin. Thus, the term 

15 "oil" is used herein as applied to a wide range of 

substances that are quite different in chomical nature. 

In the classification of oils by type or fvinction, for 
example mineral oil is derived from petroleum and 
includes aliphatic or wax-based hydrocarbons, aromatic 

20 hydrocarbons or mixed aliphatic and aromatic based 

hydrocarbons. Also included in the mineral 

classification are petrolexim-derived oils such as 
refined paraffin oil, and the like. In the vegetable 
classification, oils are chiefly derived from seeds or 

25 nuts and include drying oils such as linseed and tung 

oil; semidrying such as saf flower and soy bean oils; 
nondrying such as castor, cottonseed and coconut oils 
and edible soap stocks such as palm and coconut oils. 
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In the animal classification, oils usually occur as 




fats in tallow, lard and stearic acid sources. The 




liquid animal types include fish oils, oleic acid, 




sperm oil, etc. and they usually have a high fatty acid 


5 


content. Included are some vegetable oils, such as 




olive, cottonseed, corn and peanut, as well as some 




special fish oils such as cod-liver, haliver, shark 




liver, and so forth which are used largely as medicines 




for their high vitamin content. A liquid fatty oil 


10 


such as a mono-, di-, or triglyceride, or a mixture 




thereof, is the preferred oil. Medium chain 




tT"i cf 1 vceiridefi also serve as useful oils accordino to 




this invention. 




B. Fluorochemical 


15 


In this description, "fluorochemical" or 




"PFC" is used to describe either a highly f luorinated 




organic compound; a perf luorocarbon or f luorinated 




chemical. Further, these terms are used 




interchangeably. The term "perf luorocarbon" includes 


20 


a "cyclic" or "acyclic" compound of carbon. 




Substituted derivatives thereof are also included where 




f luorocarbons have other elements within their 




structures such as oxygen, nitrogen and bromine, etc. 




It should also be noted that the term "perf luorocarbon" 


25 


denotes substitution of all hydrogen atoms attached to 




the carbon atom chain or ring and any carbon side 




groups with fluorine. However, "f luorocarbon" is meant 




uO xncxuQe paruxaxxy gi. suoswanuxaxxy xxuorxnauea 
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compounds. This is permissible providing that the lack 
of complet replacement of all hydrogens does not 
affect the essential non-toxic characteristics of the 
preferred medical f luorocarbons of this invention. 
5 Among the perf luorocarbon compounds which may be 

employed are perf luorotributylamine (FC47) , 
perf luorodimethydecalin, perf luorodecalin (PP5) , 
perf luoromethyldecalin (PP9) , perf luorooctylbromide, 
perfluorotetrahydrofuran (FC80) , 
10 perf luoroether (PID) [ (CF3)2CFOCF2{CF2)2CF20CF(CF3)2] , 

perf luoroether (PUD) [ (CF3)2CFOCF2(CF2)6CF20CF(CF3)2] , 

CF3 

perf luoropolymer (E3) [ CF3CHF (OCFjCF) 2OCF2CF2CF3 ] , 

CF3 

15 perf luoropolymer ( E4 ) [ CF3CHF) 3 (OCFjCF) 3OCF2CF2CF3 , 

perflu o roetherpolymer ( Fombl in Y / 0 1 ) , 

perf luorododecane , perf luorobicyclo [4.3.0] nonane , 
perf luorotrimethylcyclohexane , perf luorotr ipropylamine , 
perfluoroisopropylcyclohexane , 

20 perfluoroendotetrahydrodicyclopentadiene, 
perf luoroadamantane , 
perfluoroexotetrahydrodicyclopentadiene , 
perfluorobicyclo[5.3 .0]decane, 
perf luorotetramethylcyclohexane, perf luoro-l-methy 1-4- 

25 isopropylcyclohexane, perf luoro-n-butylcyclohexane, 

perfluorodimethylbicyclo [3.3.1. ] nonane, perf luoro-l- 
methy 1 adamant a ne , perf luoro-l-methy 1-4 -t- 
butylcyclohexane , perf luorodecahydroacenaphthene , 
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perf luorotrimethy Ibicyclo [3.3.1.] nonane , perf luoro-n- 
undecane, perf luorotetradecahydrophenanthrene , 
perfluoro-1 , 3 , 5 , 7-tetramethyladainantane, 
perf luorododecahydrof luorene, perf luoro-1 , 3-diinethyl 
5 adamantane, perf luoro-n-octylcyclohexane, perfluoro-7- 

methyl bicyclo[4 . 3 . 0] nonane, perfluoro-p- 
diisopropylcyclohexane, perfluoro-m- 
diisopropylcyclohexane, perf luoro-15-Crown-5, and 
perf luoro-12-Crown-4 . Chlorinated perf luorocarbohs , 

10 such as 1,8-dichlorooctane, bischlorobutylether, 

chloroadamantane and chloromethyladamantane as 
described in U.S. Pat. No. 4,686,024 may be used. 
Such compounds are described, for example, in U.S. 
Pats. Nos. 3,962,439; 3,493,581, 4,110,474, 4,186,253; 

15 4,187,252; 4,252,827; 4,423,077; 4,443,480; 4,534,978 

and 4,542,147, European Pat. Applns. Nos. 80710 and. 

158,996, British Pat. Specification 1,549,038 and 
German Of fen. 2,650,586. Of course, it should be 
understood that mixtures of any of these highly 

20 fluorinated organic compounds may also be used in the 

emulsions and processes of this invention. 
C- Surfactant 

Surfactants are needed to form stable 
emulsions. Any suitable surfactant may be employed 
25 alone or in combination with other surfactants. For 

example, egg yolk phospholipids or Pluronics 
emulsifying agents may be used. Pluronics agents are 
bl ck polymer polyols sold by Wyandotte, e.g.. 
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Pluronics F68, having a molecular weight of about 
8,000, may be employed. Ethoxylates of cholesterol, 
diacyl glycerol and dialkyl ether glycerol are useful 
surfactants. Also, using backbones of cholesterol, 
5 diacyl glycerol or dialkyl ether glycerol, block 

copolymers are made by adding ethylene oxide, propylene 
oxide and ethylene oxide, in that order, in varying 
amounts to produce surfactants. In some applications 
for nonintravenous use, anionic or cat ionic surfactants 

10 may be used. The emulsions of this invention may 

contain a Iky Iphospho ry 1 choline or 
alkylglycerophosphoryl choline surfactants described in 
Kaufman and Richard, U.S. Ser. No. 791,420, filed 
November 13, 1991. Specific examples of these 

15 sxirfactants are l,2-dioctylglycero-3-phosphoryl 
cho li ne, 1 , 2 -dit e tradecylglyc e ro - 3 - phosphoryl choline. 



1 , 2-dihexadecylglycero-3-phosphoryl choline , 1 , 2-di- 
oct adecy Ig ly cer o- 3 -phosphory 1 cho 1 ine , 1 -hexadecy 1 - 2 - 
tetradecylglycero-3-phosphoryl choline, l-octadecyl-2- 

20 tetradecylglycero-3 -phosphory 1 choline, l-tetradecyl-2- 

octadecy lglycero-3 -phosphory 1 chol ine , 1-hexadecy 1-2 - 
octadecylglycero- 3 -phosphor yl choline , 1-2- 
dioctadecy lglycero-3 -phosphory 1 choline, l-octadecyl-2- 
hexadecy lglycero-3 -phosphory 1 choline, l-tetradecyl-2- 

25 hexadecylglycero-3-phosphoryl choline, 2,2- 

ditetradecyl-l-phosphoryl choline ethane and 1- 
hexadecyl-tetradecylglycero-3-phosphoryl choline. 
Mixtures of these novel surfactants with other known 
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surfactants may also be employed. Anionic surfactants 
include alkyl or aryl sulfates, sulfonates, 
carboxylates or phosphates. Cationic surfactants 
include such as mono-, di-, tri- and tetraalkyl or aryl 
ammonium salts. Non-ionic surfactants include alkyl or 
aryl compounds, whose hydrophilic part consists of 
polyoxyethylene chains, sugar molecules, polyalcohol 
derivatives; or other hydrophilic groups. Zwitter-ionic 
surfactants may have a combination of the above anionic 
or cationic groups, and whose hydrophobic part consists 
of any other polymer, such as polyisobutylene or 
polypropylene oxides. Lecithin is used in the 
following examples. 

D. Drug 

J.5 Any drug that may he solubilized in the 

emulsion for delivery is suitable for use in this 
invention. The term "drug" as used herein means any 
compound or composition that is intended for use in the 
diagnosis, cure, mitigation, treatment or prevention of 

20 disease in man or animal (mammalian subject) , as also 

defined by Section 201(g) of the Federal Food, Drug and 
Cosmetic Act. Such drugs include amphotericin B, 
cyclosporine, misonidazole, taxol, carmustine, 
camptothecin, chlorobenzoyl zidovudine, and the 

25 gadolinium salt of the distearyl ester of 

diethylenetriamine pentaacetic acid ("Gd-DTPA-SE") , or 
other lipid soluble (e.g., alkyl, alkenyl, alkynyl) 
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esters of this acid. Cyclosporine is a drug commonly 
used to prevent organ rejection after transplant. 
Carmustine ("BCNU") is an anti-cancer drug. 
Misonidazole, taxol, and other natural semi-synthetic 
or synthetic antineoplastic agents may be used. Gd- 
DTPA-SE is a drug useful in magnetic resonance imaging 
("MRI**). Camptothecin is useful in the treatment of 
colon cancer. Zidovudine (AZT) is a popular AIDS drug 
and analogs such as chlorobenzoyl derivative thereof as 
discussed in U.S. Patent 5,041,543 are suitable for 
use. The invention offers a marked advantage in 
targeting all such drugs to RES active organs such as 
liver, lung, spleen and marrow, including those 
hydrophilic drugs made lipophilic by minor chemical 
modifications such as alkylation or acylation may be 

used^- For — instanc e , — c ycl o sporine, — which — Ls — the- 

standard of care in liver transplant, may be delivered 
with the compositions of this invention. As developed 
above, the amount of drug in the emulsion may vary up 
to about 30% or more by weight, or more limited amounts 
up to about 5% by weight may be used. 

E. Emulsion Characteristics 

The emulsions of this invention are made by 
dispersing the above ingredients in water and 
homogenizing them. The surfactant enhances the 
dispersion and stabilization of the liquid phases. 
While dispersions may be generally referred to herein 
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as emulsions, it should be understood that they may be 
considered solutions, micellar solutions, 
microemulsions, vesicular suspensions, or mixtures of 
all of these physical states • The PFC my be dispersed 
5 in the oil and the oil-PFC phase emulsified in the 

water • However, other possible interfaces and phases 
are within the scope of the invention. Accordingly, 
the term "emulsion" as used herein covers all these 
states and the surfactant is employed to enhance stable 

10 mixtures of these physical states of the 

fluorochemical, oil, drug and water phases. For 
example, a fluorochemical and oil may be emulsified in 
water, as described in the Clark and Shaw European Pat. 
Appln. 87300454.3 and this application is incorporated 

15 herein by reference to describe suitable PFC/oil 

emulsions as drug delivery agents, 

Preferably, the drug delivery emulsions of 
this invention contain a PFC or mixture of PFCs and 
most preferably contain a fluorocarbon selected from 

20 the group consisting of perf luorodecalin, 

perfluoromethyldecalin, perf luorodimethyladamantane, 
perfluorooctylbromide, perfluoro-4- 
methy loctahydroquinolidiz ine , per f luoro-N- 
methy Idecahydroquinoline , F-methyl-l-oxa-decalin , 

25 perfluorobicyclo(5.3.0) decane, 

perf luorooctahydroquinolidizine , perf luoro-5 , 6-dihydro- 
5-decene and perf luoro-4, 5-dihydro-4-octene. 
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As stated above, in general, the PFC or PFCs 
are used in an effective amount, along with the 
surfactant and oil, needed to produce an emulsion which 
solubilizes or effectively suspends the drug in a 
5 stable emulsion. The PFCs or mixture of PFCs may 

comprise about 1% to about 75% by volume, or more, of 
the emulsions. When the emulsions are to be used as 
intravenous compositions, the PFC is present in a 
minimum amount required to solubilize the drug in a 

10 preferred form of the invention. In a broader sense, 

as; indicated above, the amount of oil in the emulsions 
may vary over a wide range of concentrations from about 
0.5 to about 30% by weight, or more. It depends on the 
concentration and properties of the other components of 

15 the emulsion and its use. The actual oil concentration 
to produce an a cc e ptable e mulsion for any given set of 



components is determined by preparing and testing the 
stabilities of emulsions at various oil concentrations. 
Within this teaching for PFC drug delivery emulsions, 

20 for instance, about 0.5-30% by weight oil and 1-70% by 

volume PFC and 0.5-10% by weight surfactant are used. 

The amount of a particular surfactant used in 
the emulsions of this invention depends upon the 
amoxints and properties of other components of the 

25 emulsion as indicated above. Generally about 0.5-10% 

by weight of surfactant, preferably, about 0.5% to 
about 6% by weight is used. The surfactant of this 
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invention may be used with other surfactants as 

indicated above. 

The emulsions may be prepared using any order 

of mixing the main components of f luorochemicals, oil, 
5 surfactant, drug and water. However, optimal emulsions 

may be prepared as described in the above Clark and 

Shaw European Appln. 87300454.3 which is incorporated 

herein by reference. The mixing and emulsif ication of 

components may be done using any of the conventional 
10 mixers and emulsif iers. For example. Fisher brand 

touch mixers, Microf luidizers, Gaulin and Rannie 

Homogenizers may be employed. 

The following non-limiting examples 

illustrate various embodiments of this invention. 
15 Exp er imen t a 1 

Am photer icin B ( 80% purity by HPic) usftd in 

the preparation of emulsions was purchased from Sigma 
Chemical of St. Louis, MO. As a control in the animal 
experiments, the commercially available sterile, 

20 lyophilized sodium desoxycholate formulation was 

prepared as directed by the Lyphomed package insert. 
Lecithin (Egg yolk phospholipid-proprietary intravenous 
grade material) was supplied by Kabi-Pharmacia of 
Clayton, NC. Saf flower oil was obtained from 

25 California Oils, Inc. Glycerin was USP grade material, 

available from a variety of sources. Perf luorooctyl 
bromide (>99%) was received from both Atochem and 
Hoechst. 1,8-perf luorodichlorooctane was obtained from 
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3M. NajCOj (USP) was purchased from Fisher Scientific. 
A Millipore water purification unit supplied the water. 
Candida albicans (ATCC #10231) was used for all 
infection modeling studies. 

Example l 

Amphotericin B (0.68g) was added to a mixture 
of lecithin (9.02g), saf flower oil (44.13g), glycerin 
{9.77g), perf luorooctyl bromide (85.24g) and water 
(338 •4g) in a Waring Blender. The blender was kept at 
high speed for 3-5 minutes to form a crude emulsion. 
This crude emulsion was then processed in a 
Microf luidizer homogenizer for 15 minutes at a flow 
rate of about 350mL/minute, while maintaining a 
pressure of from 7000-10,000 psig. 

During homogenization, addition of 5% NajCOj 
( 1 .96g) co n trol le d th e pH o f th e mixture at about 7 -9 . 
After processing, the emulsion was poured into lOOmL 
Wheaton serum vials and sterilized for fifteen minutes 
at 121®C. The composition of the resulting emulsion 
is expressed in the table below: 



Comoonent 


Table 1 

w/w% 


w/v% 




Oil 


9.02 


9.79 


10.64 


Lecithin 


1.84 


2.00 


2.00 


Glycerin 


2.00 


2.17 


1.72 


Amphotericin 


0.11 


0.12 


0.12 


Perf luoro- 








octvl bromide 


17.42 


18.91 


10.00 



Example 2 

Amphotericin B(2.83g) was added to a mixture 
of lecithin (9.01g), safflower oil (44.34g), glycerin 
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(lO.Slg), perf luorooctyl bromide (84-72g) and water 
(336,lg) in a Waring Blender. The blender was kept at 
high speed for 3-5 minutes to form a crude emulsion. 
This crude emulsion was then processed in a 
5 Microf luidizer homogenizer for 15 minutes at a flow 

rate of about 350mL/minute, while maintaining a 
pressure of 7000-10,000 psig. During homogenization, 
addition of 5%Na2C03 (2.35g) controlled the pH of the 
mixture at about 7-9. After processing, the emulsion 
10 was poured into lOOmL Wheaton serum vials and 

sterilized for fifteen minutes at 121**C. The 
composition of the resulting emulsion is expressed in 
the table below: 



Table 2 

15 Component w/w% w/v% v/v% 

Oil 9.05 9.82 10.67 

Lecithin 1.85 1.99 1.99 

Glycerin 2.15 2.33 1.85 

Amphotericin 0.46 0.50 0.50 

20 Perfluoro- 

octyl bromide 7.42 18.91 10.00 

Example 3 

Amphotericin B (3.45g} was added to a mixture 
of lecithin (11.12g), safflower oil (54.10g), glycerin 
25 (12.43g), perf luorodichlorooctane (102. 39g) and water 

(411. OOg) in a Waring Blender. The blender was kept at 
high speed for 3-5 minutes to form a crude emulsion. 
This crude emulsion was then processed in a 
Microf luidizer homogenizer for 15 minutes at a flow 
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rate of about 350 mL/minute, while maintaining a 
pressure of from 7000-10,000 psig. During 
homogenization, addition of 5% NajCOj (2.9lg) controlled 
the pH of the mixture at about 7-9 ♦ After processing 
5 the emulsion was poured into lOOmL Wheaton serum vials 

and sterilized for fifteen minutes at 121*'C. The 
composition of the resulting emulsion is expressed in 
the table below: 



Table 3 

10 Component w/w% w/v% v/v% 

Oil 9.06 9.06 10.61 

Lecithin 1.86 2.01 2.01 

Glycerin 2.08 2.24 1.78 

Amphotericin 0.46 0.50 0.50 

15 Perfluorodi- 

chlorooctane 17.14 18,47 10.32 



The emulsions from the above excunples 
exhibited the following physical characteristics: 



Example 


pH 


Osmolality 
fmOsm) 


Viscosity 
(centi- 
Doise) 


Mean 
Particle 
Size 
(TM) 


1 


7.95 


336 


2.20 


215 


2 


7.62 


346 


2.45 


295 


3 


7.67 


342 


2.45 


271 



From the above data, it is clear that the 
emulsions are stable to sterilization. 
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Rodent Toxicity studies 

Sprague-Dawley rats were obtained from Sasco, 
Inc. (SAS:VAF/1), with an average body weight of 190- 
215g at time of use. Housing and environment followed 
the standards detailed in the "Guide for the Care and 
Use of Laboratory Animals". Bedding was 

removed/replaced and the cages were cleaned and 
Seuiitized weekly. The feeder tops were changed weekly. 
Each polycarbonate cage contained 5 animals, and was 
equipped with a Micro-Isolator hood. The hood filters 
were replace every other week. All rats were fed 
Purina rat chow and watered with fresh, chlorinated tap 
water ad libitum . Dosages are expressed as mg/Kg of 
the active ingredient. 

^ Example 4 

The emulsion from example 2 was infused into 
five randomized treatment groups of five rats each, for 
a total of 25 rats. The treatments were designated for 
9,12,18,24 and 27mg/Kg infusions of amphotericin B. 
20 Lyphomed amphotericin B was infused at doses of 1 and 

3mg/Kg. (Previous experimentation had shown that at, 
doses of 6mg/Kg, this product was uniformly lethal 
within a few hours of infusion.) All animals treated 
with the example 2 emulsion survived and showed no 
25 adverse effects from the infusion. The Lyphomed 

product was safe at Img/Kg, but only three of five 
animals survived at 3mg/Kg. Thus, the improved safety 



10 
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of perf luorcarbon emulsions of amphotericin is clearly 
established at high dose levels. 

Example 5 

This example proves the efficacy of the 
5 emulsion described in Example 1. Four groups of five 

animals each were infused with 3mL of a 4.9 x 10* 
cell/mL Candida albicans suspension. 

Thus, the total dose of Candida in each 
animal was 1.47 x 10^ cells. After four hours, the 
10 groups were treated as follows: 



GrouD 


ma/Ka amohotericin 


Control 


0.00 


Lyphomed 


1.00 


Emulsion 


3.25 


Emulsion 


6.50 



The second group was infused with Img/Kg of 
the Lyphomed product (higher doses were not used 
because of the toxicity observed in Example 4) . The 
third and fourth groups were infused with the emulsion 
from example 2 at dosage rates of 3.25mg/Kg and 6.50 
mg/Kg of amphotericin. After seven days, the animals 
were sacrificed and the livers were cultured to 
quantitate the surviving Candida spores. With 
reference to the drawing, the FIGURE summarizes the 
results in colony forming units per gram of tissue 
(cfu/g) . Because of the toxicity noted in example 4 
(vide supra) it was not feasible to infuse higher 
levels of the Lyphomed product in a single does 
regimen . 



25 
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The FIGURE summarizes the results, with a bar 
representing the cfu/g found in the liver for each 
animal. The overlay chart tabulates the average cfu/g 
for each group. It is clear that the perf luorocarbon 
emulsion can deliver sufficiently high levels of 
amphotericin to provide effective reduction of an 
invasive Candida infection. 

We have found, by using a PFC/oil emulsion 
as the carrier that amphotericin B can be made less 
toxic so as to allow a more effective dosing regimen. 

Example 6 

This example is directed to an emulsion 
incorporating cyclosporine. The source of the 
cyclosporine was Sandimmune which is a concentrate for 
injection manufactured by Sandoz Pharmaceuticals as- 
provided in ampoules containing 50mg of cyclosporine 
and 650mg of Cremophor EL (polyoxyethylated castor oil) 
in ethanol. Five ampoules were transferred 
quantitatively, using ethanol wash, to a wide mouth 
20 evaporator flask and the ethanol was removed in vacuo 
at a maximum temperature of 40*> C. 

Water (198. 77g), glycerin (5.73g), lecithin 
( 5 . 06g) perf luorodichorooctane ( "PFDCO" ) ( 25 . 22ml) were 
added to the flask and the mixture was pre-emulsif ied 
25 using the blender. The pre-emulsion was introduced 

into the Microf luidizer and processed, under nitrogen 
at a pressure of 8,000 pounds for a period of 20 



10 
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minutes. During the processing, a total of l«13g of 5% 
NajCOj was added to adjust the pH to approximately 8. 2. 
The emulsion was bottled in 100 ml serum bottles. The 
bottles were not sterilized. The emulsion of this 
5 example contains 2.01 w/v% lecithin, 6.44 w/v% 

polyoxyethylated castor oil, 10 v/v% PFDCO and 0.5 w/v% 
cyclosporine. Other physical properties of the 
emulsion include a pH at 25^ C of 8.10; 346mOsm 
osmolality; 2.25 centipoises viscosity at 37® C; and 
10 158nM Brookhaven PSD. 

Example 7 

This example is directed to the preparation 
of an emulsion incorporating a gadolinium salt of 
distearyl ester of diethylenetriamine pentaacetic acid 
15 (»*Gd-DTPA-SE") . Fira t a rn- mivturp nf TecithTn nnri 



DTPA-SE was made by stirring a solution of 18. 4g of Gd- 
DTPA-SE in 200 ml of chloroform and adding dropwise a 
solution of 6.0g of lecithin in 100ml chloroform. The 
chloroform was removed in vacuo at a maximum 

20 temperature of 30** C and the resulting solid was dried 

in vacuo for sixteen hours. The emulsion was then 
prepared by combining water (194.8g), glycerin (5.86g), 
saf flower oil (4.91g), the above prepared co-mixture 
(20.10g), ,and perf luorodichlorooctane (PFDCO) (24.84g), 

25 and pre-emulsifying the mixture using a Waring Blender. 

The pre-emulsion was introduced into a Microf luidizer 
and processed, under nitrogen, at a pressure of 7,000 
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to 8,000 psig for a period of 4 0 minutes. During the 
processing, 5% NaiCOj (15.90g) was added by syringe to 
hold the pH at about 8. The emulsions were then 
bottled in 100ml serum bottles which were then either 
5 sterilized at 121® C for 15 minutes or not sterilized. 

The emulsion composition resulting from these 
procedures contains 1.90 w/v% lecithin, 1.85 w/v% 
saf flower oil, 9.35 v/v% PFDCO, and 5.67 w/v% Gd-DTPA- 
SE. For the emulsion that was not sterilized the other 

10 physical properties include a pH at 25**C of 7.83; 

367mOsm osmolality; 1.69 centipoises viscosity at 37'*C; 
and 184nN Brookhaven PSD. For the emulsion that was 
sterilized the other physical properties include a pH 
at 25*^0 of 4.91; 352mOsm osmolality; 2.45 centipoises 

15 viscosity at 37**, and 143nM Brookhaven PSD. 



Example 8 

This example is directed to an emulsion 
incorporating carmustine. A co-mixture of lecithin and 
carmustine was prepared by adding the equivalent of 

20 1.5g of sterile carmustine of Bristol Laboratories into 

a wide mouth evaporator flask with the supplied 
ethanol. Lecithin (6g) was dissolved in 100ml of 
ethanol and added to the carmustine solution. The 
alcohol was removed in vacuo at a maximiim temperature 

25 of 25 ®C. The resulting sticky solid was dried in vacuo 

for three hours. The emulsion was then prepared by 
adding water (225g) , glycerin (6.7g) , safflower oil 
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(29.48g) and PFDCO (30.55 ml) into the flask containing 
the carmustine and the mixture was pre-emulsif ied using 
a blender. The pre-emulsion was introduced into the 
Microf luidizer and processed, under nitrogen, at a 
5 pressure of 8,000 pounds for a period of 18 minutes. 

The emulsion temperature was held below 22*'C throughout 
the processing by an ice bath. The emulsion was then 
bottled in 100ml serum bottles without sterilization. 
The emulsion of this example contains 2.00 w/v% 
10 lecithin, 9.81 w/v% oil, 10.17 v/v% PFDCO and 0.50 w/v% 

carmustine. Other physical properties of the emulsion 
include a pH at 25^C of 3.93; 335mOsm osmolality; 2.20 
centipoises viscosity at 31^0; and 298nM Brookhaven 
PSD. 



15 Exampl e— » 

Employing procedures similar to Example 8, 
camptothecin emulsions were successfully prepared. 

Example 10 

1- [ 3-Azido-5-0- (3-chlorobenzoyl) -2 , 3-dideoxy- 
20 )S-D-erythropentof uranosyl ] -5-methyl-2 ( IH) -pyrimidinone 

(also "chlorobenzoyl zidovudine") was made by the 
procedure outlined in U.S. Pat. 5,041,543. This 
compound (1.25g) was mixed with egg yolk phospholipid 
supplied by Kabi-Pharmacia (lO.Og) and the resulting 
25 mixture was dissolved in chloroform. The chloroform 

was evaporated, leaving a waxy residue. To the residue 
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was added water (182. 3g), safflower oil (25. Og), 
glycerin (5.69g), 5% sodium carbonate solution (1.42g) 
and 1^8-perfluorodichlorooctane (PFDCO) (44.32g). This 
entire mixture was agitated briefly with a high speed 
5 blendor. After approximately 2 minutes, a crude 

emulsion formed. This crude emulsion was fed to the 
Microf luidizer and processed, under nitrogen^ at a high 
pressure (7500 psig) for about 15 minutes. The 
resulting emulsion had a pH of 7.32, an osmolarity of 

10 340 mOsm, a viscosity of 2.45 centipoises, and a mean 

particle size of 173 nanometers. HPLC analysis of the 
product emulsion proved that the prodrug derivative 
remained intact during emulsif ication, with no 
detectable hydrolysis to the parent AZT. The 

15 concentration of prodrug emulsified was thus assayed at 

0.42%. 

In view of the above description, other 
modifications may be made as one of ordinary skill in 
this art will understand without departing from the 

20 scope of this invention. 
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Claims are; 

1. A physiologically acceptable drug 
delivery emulsion comprising emulsified particles of a 
f luorochemical and an oil in water, a surfactant and a 
drug solubilized in the emulsion. 

2. The drug delivery emulsion of claim 1 
wherein the f luorochemical is a perf luorocarbon, 

3. The drug delivery emulsion of claim 1 
wherein the f luorochemical is selected from the group 
consisting of perf luorodecalin, perfluoromethyldecalin, 
perf luorodimethyldecalin, perf luorodimethyladamantane, 

5 per f luoroocty Ibromide , perf luoro- 4 -methyl - 

octahydroquinolidizine, perfluoro-N- 
methyldecahydroquinoline, F-methyl-l-oxa-decalin, 

perfluornhi rynl q f- 5 > 3 . 0 ) d e c a n e , 

perf luorooctahydroquinolidizine, perf luoro-5 , -6- 

10 dihydro-5-decene, perf luoro-4 ,-5-dihydro-4-octene, 1,8- 

perf luorodichlorooctane, perf luorobischlorobutylether, 
perf luoro-15-Crown-5, and perf luoro-12-Crown-4 , and 
mixtures thereof. 

4. The drug delivery emulsion of claim 1 
wherein said emulsion is stable after heat 
sterilization. 
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5. The drug delivery emulsion of claim 1 
wherein a liquid fatty oil is present in an amount of 
about 0.5 to about 30% by weight of the emulsion. 

6. The drug delivery emulsion of claim 5 
wherein the oil is selected from the group consisting 
of mono-, di-, and triglycerides, and mixtures thereof. 

7. The drug delivery emulsion of claim 1 
wherein the surfactant is present in an amount of from 
about 0.5 to about 10% by weight of the emulsion. 

8. The drug delivery emulsion of claim 7 
wherein the surfactant is present in an amount of from 
about 1 to about 6% by weight of the emulsion. 



9. The drug delivery emulsion of claim 1 
wherein the f luorochemical is present in an amount of 
from about 1 to about 75% by volume of the emulsion. 

10. The drug delivery emulsion of claim 9 
wherein a surfactant is contained in amount of from 
about 0.5 to about 10% by weight of the emulsion. 

11. The drug delivery emulsion of claim 10 
wherein said f luorochemical is contained in an amount 
of at least about 40% by volume of the emulsion. 
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12. The drug delivery emulsion of claim 1 
wherein said drug is contained in an amount of up to 
about 30% by weight of the emulsion. 

13. The drug delivery emulsion of claim 12 
wherein said drug is contained in an amount of up to 
about 5% by weight of the emulsion • 

14. The drug delivery emulsion of claim 1 
wherein the drug is selected from the group of 
amphotericin B, cyclosporine, gadolinium salt of a 
lipid soluble ester of diethylenetriamine pentaacetic 

5 acid, misonidazole, taxol, camptothecin, chlorobenzoyl 

zidovudine and carmustine. 



15. The drug delivery emulsion of claim 1 
wherein said drug is amphotericin B. 
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16- A physiologically acceptable drug 
delivery emulsion comprising emulsified particles of a 
f luorochemical selected from the group consisting of 
perfluorodecalin, perfluoromethyldecalin, 
5 perf luorodimethyldecalin, perf luorodimethyladamantane, 

perfluorooctylbromide, perfluoro-4-methyl- 
octahydroquinolidizine, perfluoro-N- 
methyldecahydroquinoline, F-methyl~l-oxa-decalin, 
perfluorobicyclo (5.3.0) decane, 
10 perf luorooctahydroquinolidizine, perf luoro-5 , -6- 

dihydro-5-decene, perf luoro-4 , -5-dihydro-4-octene, 1,8- 
perfluorodichloroooctane, perf luorobischlorobutylether, 
perf luoro-15-Crown-5 , and perf luoro-12-Crown-4 , and 
mixtures thereof, and an oil in water, a surfactant and 
15 a drug solubilized in the emulsion, said 

f luorochemical is contaiTigd - in an aTt ^p^mt from about 1 

to 75% by volume of the emulsion and wherein the 
emulsion is stable after heat sterilization. 

17. The drug delivery emulsion of claim 13 
wherein said oil is a liquid fatty oil present in 
amount of about 0.5 to about 30% by weight of the 
emulsion. 

18. The drug delivery emulsion of claim 17 
wherein the oil is selected from the group consisting 
of mono-, di-, and triglycerides, and mixtures thereof. 
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19. The drug delivery emulsion of claim 16 
wherein said drug is contained in an amount up to about 
30% by weight. 

20. The drug delivery emulsion of claim 19 
wherein the drug is selected from the group of 
amphotericin B, cyclosporine, gadolinium salt of 
distearyl ester of diethyleneetriamine pentaacetic acid 

5^ misonidazole, taxol, camptothecin , chlorobenzoyl 

zidovudine and carmustine. 

21. A method for diagnosing, curing, 
mitigating, preventing or treating a disease in a 
mammal by administering to said mammal an effective 
amount of the emulsion of claim 1. 



22 . A method for diagnosing, curing 
mitigating, preventing or treating a disease in a 
mammal by intravenously administering to said mammal an 
effective amount of the emulsion of claim 14. 

23. A method for diagnosing, curing, 
mitigating, preventing or treating a disease in a 
mammal by administering to said mammal 'an effective 
amount of the emulsion of claim 15. 
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24. A method for diagnosing, curing, 
mitigating, preventing or treating a disease in a 
mammal by intravenously administering to said mammal an 
effective amount of the emulsion of claim 16. 

25. A method for diagnosing, curing, 
mitigating, preventing or treating a disease in 'a 
mammal by administering to said mammal an effective 
amount of the emulsion of claim 18. 

26. A method for diagnosing, curing, 
mitigating, preventing or treating a disease in a 
mammal by administering to said mammal an effective 
amount of the emulsion of claim 20. 
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